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Abstract. We present ElectroAR, a visual and tactile sharing system
for hand skills training. This system comprises a head-mounted display
(HMD), two cameras, a tactile sensing glove, and an electro-tactile stimu-
lation glove. The trainee wears the tactile sensing glove that gets pressure
data from touching different objects. His/her movements are recorded by
two cameras, which are located in front and top side of the workspace.
In the remote site, the trainer wears the electro-tactile stimulation glove.
This glove transforms the remotely collected pressure data to electro-
tactile stimuli. Additionally, the trainer wears an HMD to see and guide
the movements of the trainee. The key part of this project is to combine
distributed tactile sensor and electro-tactile display to let the trainer un-
derstand what the trainee is doing. Results show our system supports a
higher user’s recognition performance.
Keywords: Tactile Display · Tactile Sensor · Tactile Transmission ·
Virtual Reality.
1 Introduction
There are several tasks that incorporate hand-skill training, such as surgery,
palpation, handwriting, etc. We are developing an environment where a skilled
person (trainer), who actually works at a different place, can collaborate with
a non-skilled person (trainee) in high precision activities. The trainer needs to
feel as if he/she exists at the place and work there. The trainee can improve
his/her performance with the trainers help. This can be regarded as one type of
telexistence [1], in which remote robot is replaced by trainee.
We especially focus on the situation that incorporates finger contact. This
requires a tactile sensor on the trainee’s side and tactile display on the trainer’s
side. The trainee handles real objects, and the tactile sensor-display pair enables
the trainer to feel the same tactile experience as the trainee; thus, he/she can
command or show what the trainee should do next.
For tactile sensors, a wide variety of these pads have been developed in the
past for robotics and medical applications, using resistive, capacitive, piezoelec-
tric, or optical elements. These pads have often been placed in gloves to monitor
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hand manipulation. While some of them are bulky and inevitably deteriorate
the human haptic sense, recently, several researches are focused on reducing this
problem by using thinner and more flexible force-sensing pads [3]. In this study,
we use a similar tactile sensor array with high spatio-temporal resolution.
For tactile display, there were also several researches on wearable tactile
displays [4]. They are simple, yet cannot present distributed tactile information
that our sensor can detect. As we believe that distributed tactile information is
important, especially when we recognize shapes, we need some way to present
distributed tactile information to fingertips. There were also several works on
pin-array type tactile display [2], [5]. We employ electro-tactile display [6], [7],
since it is durable, light-weight, and easy to be made small and extends to several
fingers.
This paper is an initial report of our system, especially focuses on how well
the shape information can be transmitted through our system.
Fig. 1. ElectroAR. (a) Follower side. (b) Leader side. (c) Cylindrical stick with regular
prismatic shape
2 System overview
As shown in Fig.1, the system consists of three main components. On the follower
(trainee’s) side, the user wears a tactile sensing glove. The glove gets the pressure
data from touching objects. The data of pressure sensors were spatially filtered
by using equation (1),
p'i,j =
pi,j + pi+1,j + pi,j+1 + pi+1,j+1
4
(1)
where p is a pressure value and p' is a filtered pressure value, i and j are order
number on the axis of width and height of the sensor array [9].
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The leader’s glove transforms the filtered pressure data to electro-tactile stim-
uli at fingertips. They are linked not only with haptic feedback but also with
visual and audio feedback. Visual feedback gives for the leader side full informa-
tion of the movement on the follower side, and audio feedback provides for the
follower side commands from the leader.
2.1 Tactile sensor glove
We are using a glove that contains three tactile sensor arrays [9]. These sensor
arrays are located on the three fingers of the right hand (thumb, index and
middle). Fig.1 (a) shows the internal distribution of the pressure sensors in the
array of 5 by 10 for each finger. The force range of sensing element was not
accurately measured, but it can discriminate edge shapes by natural pressing
force, as will be shown in the experiment section. The center-to-center distance
between each sensing point is 2.0 mm.
2.2 Electro-tactile glove
Fig.1 (b) shows the glove of electro-tactile display for the leader user [9]. The
module controller was embedded inside the glove [8]. For each finger, the electro-
tactile stimulator array has 4 by 5 points. The center-to-center distance between
each point is 2.0 mm. This module was used for tactile stimulation of thumb,
index and middle finger. The pulse width is set to 100 us.
Random Modulator In order to adjust the intensity of the stimulus, a typical
method is to express the intensity by a pulse frequency. However, in practice,
the stimulator must communicate with the PC at fixed intervals (in our case at
120 Hz). Therefore, although it is relatively easy to set the pulse frequency to,
for example, 30 Hz, 60 Hz, or 120 Hz, it is a little difficult to perform electrical
stimulation of an arbitrary frequency.
Here, we propose a method to change the probability of stimulation as a
substitute for setting pulse frequency. For each time interval (in our case 1/120
second), the system gives the probability of stimulating each electrode. The
higher the probability, the higher the average stimulus frequency. The algorithm
is expressed as follows.
if rand () ≤ p then stimulate () (2)
Where rand () is a uniformly distributed random variable from 0 to 1. If it
is less than or equal to a value p, the electrode is stimulated. Otherwise, it is
not stimulated. The probability that the electrode is stimulated is hence p. This
calculation is performed for the electrode every cycle, resulting in an average
stimulation cycle of 120 ∗ p Hz.
The value p represents the probability of stimulation, and a function rep-
resenting the relationship between p and the subjective stimulus intensity S is
required. In general, higher stimulus frequency gives stronger subjective stimu-
lus, so this function is considered to be a monotonically increasing function.
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S = F (p) (3)
If F is obtained, the inverse function can be used to determine how the
stimulus probability p should be set for the intensity S to be expressed as follows.
p = F−1(s) (4)
2.3 View sharing system
Ideally, the view sharing system should be bi-directional. However, as the scope
of this paper is to examine the ability of our tactile sensor-display pair, we used
a simplified visual system only for the trainer.
As shown in Fig.1 (b), the trainer wears an HMD. At the remote side, two
cameras are installed for having full view information for the trainer, both from
the top and from the side. This information is presented in virtual screens which
are located in front and the horizontal view. Although the view is not three-
dimensional, it can provide sufficient information of the trainee’s hand move-
ment, and the trainer can mimic the movement while perceiving the tactile
sensation by the electro-tactile display glove.
3 Experiment
3.1 Preliminary Experiment : Random modulator’s function
The proposed random modulation method needs a function F , which can rep-
resent the relationship between strength perception and the probability of stim-
ulating each electrode. This preliminary experiment has the objective of collect
data for fitting function F . In the whole experiment, the base stimulation fre-
quency was 120 Hz. For example, if the probability is 1, the stimulation is done
at 120 pps (pulses per second).
Experimental Method The strength of stimulation was evaluated by the
magnitude estimation method. First, the user’s right index fingertip was put on
the electrodes’ array, and exposed to a pulsatory stimulation, provided by elec-
trodes. The user was asked to find a comfortable and recognizable level (absolute
stimulation level), which was set as 100.
In the second part, we prepared six probability levels: 0.1, 0.2, 0.4, 0.6, 0.8,
1.0. There were five trials for each level, 30 trials in total in random order.
Each trial was composed of an initial one-second impulse with the 100 intensity
level, followed by a one-second randomly modulated stimulation with assigned
probability. After each trial, the user must determine how lower or higher was
the second stimulus presented. We recruited seven participants, five males and
two females aged 21-27; all right-handed and all without previous training.
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Result The result in Fig.2 (a) shows a sigmoid function tendency. Thus, the
data were fitted using Matlab, as shown in Fig.2 (b).
Once we know the function, we calculated the inverse function that deter-
mines the stimulation probability from desired strength, which is the function
F−1, described in the equation (5), where a, b and k are coefficients of the sig-
moid function, p is the probability of the electrode being stimulated and S is
the subjective stimulus intensity.
p =
a− log( kS − 1)
b
(5)
Fig. 2. Random Modulation. (a) Experimental results. The quantitative relation be-
tween cumulative probability distribution and the strength perception percentage es-
timated for the volunteers. (b) Sigmoid function regression. Experimental data were
fitted to sigmoid function by logistic regression
3.2 Experiment 1: Static shapes recognition
The following two experiments try to validate that our system is capable of
transmitting tactile information necessary for tactile skill transfer. In many hap-
tic related tasks, we typically use a pen-type device that we pinch by our index
finger and thumb. These can be a scalpel, a driver, a tweezer, or a pencil. In
such situations, we identify the orientation of the device with tactile sense.
Our series of experiments try to reproduce part of these situations. Exper-
iment 1 was carried out to assess the electro-tactile display’s capacity for pre-
senting bar-shape in different orientations.
Experimental Method Four patterns, which are line with inclinations of 0, 45,
90 and 135 degrees were presented on the right index finger. The experiment was
divided into three steps. The first step was to identify a suitable stimulus level.
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The second step was the training phase, in which each pattern was presented
twice to the volunteers.
After a two minutes break, the evaluation stage was performed. They were
asked to try randomly chosen pattern and chose from the four candidates. The
recognition time was also recorded. We recruited ten volunteers, nine males and
one female, aged 21-27; all right-handed. There were seven trials per pattern, 28
in total.
Result Fig.3 (a) shows a numerical comparison of the effective recognition level
for each proposed pattern. The four patterns have a similar range of recognition,
being the 90 degrees pattern pointed the lowest (73% accuracy) and the 0 degrees
pattern the highest (87% accuracy). The result also indicates that the 90 degrees
pattern is often confused with the 135 degrees (10% error), and in the same way
the 45 degrees is confused with 90 degrees pattern (10% error).
Fig.3 (b) shows that the recognition time for the majority of the volunteers
ranges between 4 and 10 seconds for all of the patterns. The median time is close
to 6 seconds.
Fig. 3. Experiment 1. (a) Confusion Matrix Pattern recognition rate. (b) Exploratory
time comparative evaluation
3.3 Experiment 2: Dynamic pattern perception
Experiment 2 was carried out to assess our systems capacity to convey dynamic
tactile information. As mentioned before, we focused on the situation of handling
a bar-shaped device. We confirmed if we can identify different devices that we
handle with our index finger and thumb.
Data set acquisition Four cylindrical sticks with regular prismatic shape in
their middle section were designed for the experiment (Fig.1 (c)). The total
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length of each stick is 150 mm, and 28 mm for their middle section. Every prism
has a different cross-section: circle, triangle, square, and hexagon. The radius
of the sticks was 9 mm and the circumradius of the prisms 5 mm. This special
design visually covers the middle section for avoiding the possibility of answering
only by observation. On this way, we provide only the motion of the hand as
visual feedback.
Using the tactile sensing glove, one of the authors grasped the stick in a 90
degrees orientation, and he slowly scrolled the bar back and force between two
fingers, repeating for ten times. The pressure patterns were recorded, and the
video was taken by two cameras that we described in the previous section.
Experimental Method In the main experiment, the recorded videos were
replayed so that the user can mimic the hand motion. Simultaneously, the tactile
feedback was delivered to two fingertips (right index finger and thumb) using
the recorded pressure patterns.
A set of twenty randomly ordered samples was presented, and the user must
associate this visual and tactile sensation with one of the previously indicated
shapes. Visual feedback was provided to show the motion of the hand, but at
the same time, the shape of the prism was visually hidden. The recognition time
was also recorded.
We recruited eight participants, six males and two females aged 21-27; all
right-handed and all without previous training.
Result Fig.4 (a) shows a numerical comparison of the effective shape recognition
level for each proposed pattern. We observe that the four patterns have a different
range of recognition, being the square pattern pointed the lowest (40% accuracy)
and the cylinder pattern the highest (65% accuracy). The result also indicates
that the square pattern is frequently confused with the triangle pattern (37%
error), and the cylinder is confused with hexagonal pattern (25% error).
The experiment also includes an analysis of exploration time. Fig.4 (b) shows
that the recognition time for the majority of the volunteers ranges between 8
and 18 seconds. The median time is close to 13 seconds also for all of the cases,
except for the triangle pattern which median exploratory time is 16 seconds.
4 Conclusion
In this paper, we mainly developed a haptic feedback component of the virtual
reality system for remote training. We implemented a simple tactile commu-
nication capable of transmitting shape sensations produced at the moment of
manipulating 3D objects with two fingers: thumb and index fingers. The follower
side comprises a tactile-sensor glove and the leader side comprises an electro-
tactile display glove.
We tested our system with two experiments: static shape perception and
dynamic pattern perception, both assuming the situation of grasping a bar-like
object. The results confirmed our expectations, that this system has the ability
to deliver information of 3D bar-like object.
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Fig. 4. Experiment 2. (a) Confusion Matrix about 3D Shape recognition rate. (b)
Exploratory time comparative evaluation for 3D shape recognition
There are several limitations to the current work. The visual part of the
system is incomplete; the follower side should see the hand gesture of the trainer,
and the leader side should see 3D visual information of the follower by the use of
3D display technologies. Tactile display and sensor are slightly small, and it must
be enlarged to cover the whole fingertips. Roughness and temperature sensations
must be considered for providing material sense. All these will be handled in our
future work.
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